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© A process for making nonwoven fabric including the steps of meltspinning continuous multicomponent 
polymeric filaments, drawing the multicomponent filaments, at least partially quenching the multicomponent 
filaments so that the multicomponents have latent helical crimp, activating the latent helical crimp, and thereafter, 
forming the crimped continuous multicomponent filaments into a first nonwoven fabric web. By crimping the 
filaments before the web formation, shrinkage of the web after formation is substantially reduced and the 
resulting fabric is substantially stable and uniform. In addition, the resulting fabric can have a relatively high loft. 
The crimp activating step can include heating the multicomponent filaments and preferably includes drawing the 
multicomponent filaments with a flow of heated air to activate the latent helical crimp. The resulting fabric can 
form relatively high loft materials useful as a fluid management layer for personal care absorbent articles or can 
form cloth-like fabric useful as cover materials and garment material. In addition, a nonwoven fabric comprising 
continuous single and multicomponent filaments and proces for making same are provided. Still further, a 
multilayer nonwoven fabric with continuous multicomponent filaments and process for making same are 
provided. The degree of crimp in the filaments can be varied from layer to layer to produce composite webs with 
particular fluid handling properties. 
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TECHNICAL INFORMATION 

This invention generally relates to polymeric fabrics, and more particularly relates to multicomponent 
nonwoven polymeric fabrics made with continuous helically crimped filaments. 

5 

BACKGROUND OF THE INVENTION 

Nonwoven fabrics are used to make a variety of products, which desirably have particular levels of 
softness, strength, uniformity, liquid handling properties such as absorbency, and other physical properties. 

10 Such products include towels, industrial wipes, incontinence products, infant care products such as baby 
diapers, absorbent feminine care products, and garments such as medical apparel. These products are 
often made with multiple layers of nonwoven fabric to obtain the desired combination of properties. For 
example, disposable baby diapers made from polymeric nonwoven fabrics may include a liner layer which 
fits next to the baby's skin and is soft, strong and porous, an impervious outer cover layer which is strong 

75 and soft, and one or more interior liquid handling layers which are soft, bulky and absorbent. 

Nonwoven fabrics such as the foregoing are commonly made by melt spinning thermoplastic materials. 
Such fabrics are called spunbond materials and methods for making spunbond polymeric materials are 
well-known. U.S. Patent Number 4,692,618 to Dorschner et al. and U.S. Patent 4,340,563 to Appel et al. 
both disclose methods for making spunbond nonwoven polymeric webs from thermoplastic materials by 

20 extruding the thermoplastic material through a spinneret and drawing the extruded material into filaments 
with a stream of high velocity air to form a random web on a collecting surface. For example, U.S. Patent 
3,692,618 to Dorschner et al. discloses a process wherein bundles of polymeric filaments are drawn with a 
plurality of eductive guns by very high speed air. U.S. Patent 4,340,563 to Appel et al. discloses a process 
wherein thermoplastic filaments are drawn through a single wide nozzle by a stream of high velocity air. 

25 The following patents also disclose typical melt spinning processes: U.S. Patent Number 3,338,992 to 
Kinney; U.S. Patent 3,341,394 to Kinney; U.S. Patent Number 3,502,538 to Levy; U.S. Patent Number 
3,502,763 to Hartmann; U.S. Patent Number 3,909,009 to Hartmann; U.S. Patent Number 3,542,615 to Dobo 
et al.; and Canadian Patent Number 803,714 to Harmon. 

Spunbond materials with desirable combinations of physical properties, especially combinations of 

30 softness, strength and absorbency, have been produced, but limitations have been encountered. For 
example, for some applications, polymeric materials such as polypropylene may have a desirable level of 
strength but not a desirable level of softness. On the other hand, materials such as polyethylene may, in 
some cases, have a desirable level of softness but not a desirable level of strength. 

In an effort to produce nonwoven materials having desirable combinations of physical properties, 

35 multicomponent or bicomponent nonwoven polymeric fabrics have been developed. Methods for making 
bicomponent nonwoven materials are well-known and are disclosed in patents such as Reissue Number 
30,955 of U.S. Patent Number 4,068,036 to Stanistreet, U.S. Patent 3,423,266 to Davies et al., and U.S. 
Patent Number 3,595,731 to Davies et al. A bicomponent nonwoven polymeric fabric is made from 
polymeric fibers or filaments including first and second polymeric components which remain distinct. As 

40 used herein, filaments mean continuous strands of material and fibers mean cut or discontinuous strands 
having a definite length. The first and subsequent components of multicomponent filaments are arranged in 
substantially distinct zones across the cross-section of the filaments and extend continuously along the 
length of the filaments. Typically, one component exhibits different properties than the other so that the 
filaments exhibit properties of the two components. For example, one component may be polypropylene 

45 which is relatively strong and the other component may be polyethylene which is relatively soft. The end 
result is a strong yet soft nonwoven fabric. 

U.S. Patent Number 3,423,266 to Davies et al. and U.S. Patent Number 3,595,731 to Davies et al. 
disclose methods for melt spinning bicomponent filaments to form nonwoven polymeric fabrics. The 
nonwoven webs may be formed by cutting the meltspun filaments into staple fibers and then forming a 

so bonded carded web or by laying the continuous bicomponent filaments onto a forming surface and 
thereafter bonding the web. 

To increase the bulk or fullness of the bicomponent nonwoven webs for improved fluid management 
performance or for enhanced "cloth-like" feel of the webs, the bicomponent filaments or fibers are often 
crimped. As disclosed in U.S. Patent Nos. 3,595,731 and 3,423,266 to Davies et al., bicomponent filaments 

55 may be mechanically crimped and the resultant fibers formed into a nonwoven web or, if the appropriate 
polymers are used, a latent helical crimp produced in bicomponent fibers or filaments may be activated by 
heat treatment of the formed web. This heat treatment is used to activate the helical crimp in the fibers or 
filaments after the fibers or filaments have been formed into a nonwoven web. 
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One problem with fabrics made from helically crimped bicomponent filaments or fibers is that the web, 
when heat treated to activate the latent helical crimp, shrinks irregularly and becomes non-uniform. This 
problem is addressed in published European Patent Application Number 0,391,260 to Taiju et al. This 
reference discloses a method for melt spinning continuous bicomponent filaments to form a nonwoven web 

5 wherein an air stream is blown against the formed web from below the moving forming surface to float the 
web above the forming surface and disentangle the web from the forming surface before the web is heat 
treated to develop crimps and thermally bond the web. Although this process claims to produce a 
substantially uniform and highly crimped nonwoven fabric, it suffers from serious drawbacks in that it 
requires an additional process step, namely, floating the web above the forming surface, and is slow due to 

w the long heating and bonding step which takes more than one minute. Such drawbacks add cost to the 
process making it impracticable for commercial use. 

Therefore, there is a need for nonwoven materials having desirable levels of physical properties such as - 
softness, strength, uniformity and absorbency, and efficient and economical methods for making the same. 

75 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide improved nonwoven fabrics and methods 
for making the same. 

Another object of the present invention is to provide nonwoven fabrics with desirable combinations of 
20 physical properties such as softness, strength, uniformity, bulk or fullness, and absorbency, and methods 
for making the same. 

Another object of the present invention is to provide nonwoven polymeric fabrics including highly 
crimped filaments and methods for economically making the same. 

A further object of the present invention is to provide a method for controlling the properties of the 
25 resulting nonwoven polymeric fabric such as a degree of crimp. 

Thus, the present invention provides a process for making nonwoven polymeric fabrics wherein 
continuous meltspun polymeric filaments are crimped before the continuous multicomponent filaments are 
formed into a nonwoven fabric web. By crimping the filaments before web formation, shrinkage of the web 
after formation is substantially reduced because most web shrinkage occurs due to fiber crimping. Thus, the 
30 resulting fabric is substantially stable and uniform. In addition, the resulting fabric can have a relatively high 
loft, if bonded properly, because the multicomponent filaments are helically crimped and, when treated to 
become hydrophillic, can have a relatively high absorbency. 

More particularly, the process of the present invention for making a nonwoven fabric comprises the 
steps of: 

35 a. melt spinning continuous multicomponent polymeric filaments comprising first and second polymeric 
components, the multicomponent filaments having a cross-section, a length, and a peripheral surface, the 
first and second components being arranged in substantially distinct zones across the cross-section of 
the multicomponent filaments and extending continuously along the length of the multicomponent 
filaments, the second component constituting at least a portion of the peripheral surface of the 

40 multicomponent filaments continuously along the length of the multicomponent filaments, the first and 
second components being selected so that the multicomponent filaments are capable of developing 
latent helical crimp; 

b. drawing the multicomponent filaments; 

c. at least partially quenching the multicomponent filaments so that the multicomponent filaments have 
45 latent helical crimp; 

d. activating said latent helical crimp; and 

e. thereafter, forming the crimped continuous multicomponent filaments into a first nonwoven fabric web. 
Preferably, the step of activating the latent helical crimp includes heating the multicomponent filaments 

to a temperature sufficient to activate the latent helical crimp. More preferably, the step of activating the 
50 latent helical crimp includes contacting the multicomponent filaments with a flow of air having a temperature 
sufficiently high to activate the latent helical crimp. Even more preferably, the multicomponent filaments are 
drawn with the flow of air contacting the filaments and having a temperature sufficiently high to activate the 
latent helical crimp. By crimping the multicomponent filaments with the same flow of air used to draw the 
filaments, the filaments are crimped without an additional process step and without interrupting the process. 
55 Advantageously, this results in a faster, more efficient, and more economical process for producing crimped 
polymeric nonwoven fabric. Preferably, the multicomponent filaments are drawn with a fiber draw unit or 
aspirator by heated air at a temperature sufficient to heat the filaments to a temperature from about 110'F 
to a maximum temperature less than the melting point of the lower melting component. However, it should 
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be understood that the appropriate drawing air temperature to achieve the desired degree of crimping will 
depend on a number of factors including the type of polymers being used and the size of the filaments. 

A variety of polymers may be used to form the first and second components of the filaments; however, 
the first and second components should be selected so that the multicomponent filaments are capable of 

5 developing latent helical crimp. One method of obtaining latent helical crimp is selecting the first and 
second components so that one of the first and second components has a melting point less than the 
melting point of the other component. Polyolefins such as polypropylene and polyethylene are preferred. 
The first component preferably comprises polypropylene or random copolymer of propylene and ethylene 
and the second component preferably includes polyethylene. Suitable polyethylenes include linear low 

70 density polyethylene and high density polyethylene. Even more particularly, the second component may 
include additives to enhance the crimp, abrasion resistance, strength, or adhesive properties of the fabric. 

To achieve high crimp, the first and second components of the filaments are preferably arranged in a 
side-by-side arrangement or in an eccentric sheath/core arrangement, the first component being the core 
and the second component being the sheath. 

75 After formation, the first nonwoven fabric web is preferably bonded by forming bonds between the 
multicomponent filaments to integrate the web. To produce a more lofty web, the components are selected 
so that the second component has a melting point less than the melting point of the first component and the 
web is bonded by contacting the web with air having a temperature below the melting point of the first 
component and greater than the melting point of the second component without substantially compressing 

20 the first web. To produce a more cloth-like web, the web is bonded with techniques such as the patterned 
application of heat and pressure, hydrogentangling, ultrasonic bonding, or the like. 

According to another aspect of the present invention, the process for making a nonwoven fabric 
includes melt spinning and drawing continuous single polymeric component filaments together with the 
steps of melt spinning and drawing the multicomponent polymeric filaments, and incorporating the 

25 continuous single component filaments into the first nonwoven fabric web. The single component filaments 
may include one of the polymers of the first and second components of the multicomponent filaments. 

According to yet another aspect of the present invention, the process for making a nonwoven fabric 
further comprises laminating a second nonwoven fabric web to the first nonwoven fabric web. More 
particularly, the second web includes multicomponent filaments and the filaments of the first web have a 

30 first degree of crimp and the filaments of the second web have a second degree of crimp which is different 
from the first degree of crimp. By varying the degree of crimp from the first web to the second web, the 
physical properties of webs may be controlled to produce composite webs with particular flow handling 
properties. Preferably, the second web is formed according to the process for making the first web except 
that the temperature of the air flow contacting the filaments of the second web is different from the 

35 temperature of the air flow contacting the filaments of the first web. Different air flow temperatures produce 
different degrees of crimp. 

Still further objects and the broad scope of applicability of the present invention will become apparent to 
those of skill in the art from the details given hereinafter. However, it should be understood that the detailed 
description of the preferred embodiments of the present invention is given only by way of illustration 

40 because various changes and modifications well within the spirit and scope of the invention should become 
apparent to those of skill in the art in view of the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 Figure 1 is a schematic drawing of a process line for making a preferred embodiment of the present 
invention. 

Figure 2A is a schematic drawing illustrating the cross section of a filament made according to a 
preferred embodiment of the present invention with the polymer components A and B in a side-by-side 
arrangement. 

50 Figure 2B is a schematic drawing illustrating the cross section of a filament made according to a 
preferred embodiment of the present invention with the polymer components A and B in an eccentric 
sheath/core arrangement. 

Figure 3 is a photomicrograph of a partial cross-section of a through-air bonded sample of fabric made 
according to a preferred embodiment of the present invention. 
55 Figure 4 is a photomicrograph of a partial cross-section of a point-bonded sample of fabric made 
according to a preferred embodiment of the present invention. 

Figure 5 is a photomicrograph of a partial cross-section of a comparative point-bonded sample of fabric 
made according to conventional ambient temperature drawing techniques. 
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Figure 6 is a photomicrograph of a partial cross-section of a multilayer fabric made according to a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, the present invention provides a substantially uniform, high-loft or cloth-like 
polymeric fabric made from relatively highly crimped continuous, multicomponent, filaments. The present 
invention also comprehends a relatively efficient and economical process for making such fabric including 
the step of activating the latent helical crimp of the filaments before the continuous filaments are formed 

10 into a fabric web. Furthermore, the present invention comprehends a multilayer fabric in which adjacent 
layers have different degrees of crimp. Such a web can be formed by controlling the heating of the 
multicomponent filaments when activating the latent helical crimp to control the degree of crimp obtained. 

The fabric of the present invention is particularly useful for making personal care articles and garment 
materials. Personal care articles include infant care products such as diposable baby diapers, child care 

15 products such as training pants, and adult care products such as incontinence products and feminine care 
products. Suitable garments include medical apparel, work wear, and the like. 

The fabric of the present invention includes continuous multicomponent polymeric filaments comprising 
first and second polymeric components. A preferred embodiment of the present invention is a polymeric 
fabric including continuous bicomponent filaments comprising a first polymeric component A and a second 

20 polymeric component B. The bicomponent filaments have a cross-section, a length, and a peripheral 
surface. The first and second components A and B are arranged in substantially distinct zones across the 
cross-section of the bicomponent filaments and extend continuously along the length of the bicomponent 
filaments. The second component B constitutes at least a portion of the peripheral surface of the 
bicomponent filaments continuously along the length of the bicomponent filaments. 

25 The first and second components A and B are arranged in either a side-by-side arrangement as shown 
in Fig. 2A or an eccentric sheath/core arrangement as shown in Fig. 2B so that the resulting filaments 
exhibit a natural helical crimp. Polymer component A is the core of the filament and polymer component B 
is the sheath in the sheath/core arrangement. Methods for extruding multicomponent polymeric filaments 
into such arrangements are well-known to those of ordinary skill in the art. 

30 A wide variety of polymers are suitable to practice the present invention including polyolefins (such as 
polyethylene and polypropylene), polyesters, polyamides, polyurethanes, and the like. Polymer component 
A and polymer component B must be selected so that the resulting bicomponent filament is capable of 
developing a natural helical crimp. Preferably, one of the polymer components A and B has a melting 
temperature which is greater than the melting temperature of the other polymer component. Furthermore, 

35 as explained below, polymer component B preferably has a melting point less than the melting point of 
polymer component A when the fabric of the present invention is through-air bonded. 

Preferably, polymer component A comprises polypropylene or random copolymer of propylene and 
ethylene. Polymer component B preferably comprises polyethylene or random copolymer of propylene and 
ethylene. Preferred polyethylenes include linear low density polyethylene and high density polyethylene. In 

40 addition, polymer component B may comprise additives for enhancing the natural helical crimp of the 
filaments, lowering the bonding temperature of the filaments, and enhancing the abrasion resistance, 
strength and softness of the resulting fabric. For example, polymer component B may include 5 to 20% by 
weight of an elastomeric thermoplastic material such as an ABA* block copolymer of styrene, ethylene, and 
butylene. Such copolymers are available under the trade name KRATON from the Shell Company of 

45 Houston, Texas. KRATON block copolymers are available in several different formulations some of which 
are identified in U.S. Patent Number 4,663,220 which is incorporated herein by reference. A preferred 
elastomeric block copolymer material is KRATON G 2740. Polymer component B may also include from 
about 2 to about 50% of an ethylene alkyl acrylate copolymer, such as ethylene n-butyl acrylate, to improve 
the aesthetics, softness, abrasion resistance and strength of the resulting fabric. Other suitable ethylene 

50 alkyl acrylates include ethylene methyl acrylate and ethylene ethyl acrylate. In addition, polymer component 
B may also include 2 to 50%, and preferably 15 to 30% by weight of a copolymer of butylene and ethylene 
to improve the softness of the fabric while maintaining the strength and durability of the fabric. Polymer 
component B may include a blend of polybutylene copolymer and random copolymer of propylene and 
ethylene. 

55 Suitable materials for preparing the multicomponent filaments of the fabric of the present invention 
include PD-3445 polypropylene available from Exxon of Houston, Texas, random copolymer of propylene 
and ethylene available from Exxon, ASPUN 6811 A and 2553 linear low density polyethylene available from 
Dow Chemical Company of Midland, Michigan, 25355 and 12350 high density polyethylene available from 
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Dow Chemical Company, Duraflex DP 8510 polybutylene available from Shell Chemical Company of 
Houston, Texas, and ENATHENE 720-009 ethylene n-butyl acrylate from Quantum Chemical Corporation of 
Cincinnati, Ohio. 

When polypropylene is component A and polyethylene is component B, the bicomponent filaments may 

5 comprise from about 20 to about 80% by weight polypropylene and from about 20 to about 80% 
polyethylene. More preferably, the filaments comprise from about 40 to about 60% by weight polypropylene 
and from about 40 to about 60% by weight polyethylene. 

Turning to Figure 1, a process line 10 for preparing a preferred embodiment of the present invention is 
disclosed. The process line 10 is arranged to produce bicomponent continuous filaments, but it should be 

jo understood that the present invention comprehends nonwoven fabrics made with multicomponent filaments 
having more than two components. For example, the fabric of the present invention can be made with 
filaments having three or four components. The process line 10 includes a pair of extruders 12a and 12b for 
separately extruding a polymer component A and a polymer component B. Polymer component A is fed 
into the respective extruder 12a from a first hopper 14a and polymer component B is fed into the respective 

75 extruder 12b from a second hopper 14b. Polymer components A and B are fed from the extruders 12a and 
12b through respective polymer conduits 16a and 16b to a spinneret 18. Spinnerets for extruding 
bicomponent filaments are well-known to those of ordinary skill in the art and thus are not described here in 
detail. Generally described, the spinneret 18 includes a housing containing a spin pack which includes a 
plurality of plates stacked one on top of the other with a pattern of openings arranged to create flow paths 

20 for directing polymer components A and B separately through the spinneret. The spinneret 18 has openings 
arranged in one or more rows. The spinneret openings form a downwardly extending curtain of filaments 
when the polymers are extruded through the spinneret. For the purposes of the present invention, spinneret 
18 may be arranged to form side-by-side or eccentric sheath/core bicomponent filaments illustrated in 
Figures 2A and 2B. 

25 The process line 10 also includes a quench blower 20 positioned adjacent the curtain of filaments 
extending from the spinneret 18. Air from the quench air blower 20 quenches the filaments extending from 
the spinneret 18. The quench air can be directed from one side of the filament curtain as shown in Fig. 1 , or 
both sides of the filament curtain. 

A fiber draw unit or aspirator 22 is positioned below the spinneret 18 and receives the quenched 

30 filaments. Fiber draw units or aspirators for use in melt spinning polymers are well-known as discussed 
above. Suitable fiber draw units for use in the process of the present invention include a linear fiber 
aspirator of the type shown in U.S. Patent No. 3,802,817 and eductive guns of the type shown in U.S. 
Patent Nos. 3,692,618 and 3,423,266, the disclosures of which are incorporated herein by reference. 

Generally described, the fiber draw unit 22 includes an elongate vertical passage through which the 

35 filaments are drawn by aspirating air entering from the sides of the passage and flowing downwardly 
through the passage. A heater 24 supplies hot aspirating air to the fiber draw unit 22. The hot aspirating air 
draws the filaments and ambient air through the fiber draw unit. 

An endless foraminous forming surface 26 is positioned below the fiber draw unit 22 and receives the 
continuous filaments from the outlet opening of the fiber draw unit. The forming surface 26 travels around 

40 guide rollers 28. A vacuum 30 positioned below the forming surface 26 where the filaments are deposited 
draws the filaments against the forming surface. 

The process line 10 further includes a compression roller 32 which, along with the forwardmost of the 
guide rollers 28, receive the web as the web is drawn off of the forming surface 26. In addition, the process 
line includes a bonding apparatus such as thermal point bonding rollers 34 (shown in phantom) or a 

45 through-air bonder 36. Thermal point bonders and through-air bonders are well-known to those skilled in the 
art and are not disclosed here in detail. Generally described, the through-air bonder 36 includes a 
perforated roller 38, which receives the web, and a hood 40 surrounding the perforated roller. Lastly, the 
process line 10 includes a winding roll 42 for taking up the finished fabric. 

To operate the process line 10, the hoppers 14a and 14b are filled with the respective polymer 

50 components A and B. Polymer components A and B are melted and extruded by the respective extruders 
12a and 12b through polymer conduits 16a and 16b and the spinneret 18. Although the temperatures of the 
molten polymers vary depending on the polymers used, when polypropylene and polyethylene are used as 
components A and B respectively, the preferred temperatures of the polymers range from about 370 to 
about 530 • F and preferably range from 400 to about 450 • F. 

55 As the extruded filaments extend below the spinneret 18, a stream of air from the quench blower 20 at 
least partially quenches the filaments to develop a latent helical crimp in the filaments. The quench air 
preferably flows in a direction substantially perpendicular to the length of the filaments at a temperature of 
about 45 to about 90 • F and a velocity from about 100 to about 400 feet per minute. 
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After quenching, the filaments are drawn into the vertical passage of the fiber draw unit 22 by a flow of 
hot air from the heater 24 through the fiber draw unit. The fiber draw unit is preferably positioned 30 to 60 
inches below the bottom of the spinneret 18. The temperature of the air supplied from the heater 24 is 
sufficient that, after some cooling due to mixing with cooler ambient air aspirated with the filaments, the air 
heats the filaments to a temperature required to activate the latent crimp. The temperature required to 
activate the latent crimp of the filaments ranges from about 1 1 0 * F to a maximum temperature less than the 
melting point of the lower melting component which for through-air bonded materials is the second 
component B. The temperature of the air from the heater 24 and thus the temperature to which the 
filaments are heated can be varied to achieve different levels of crimp. Generally, a higher air temperature 
produces a higher number of crimps. The ability to control the degree of crimp of the filaments is a 
particularly advantageous feature of the present invention because it allows one to change the resulting 
density, pore size distribution and drape of the fabric by simply adjusting the temperature of the air in the 

,,be Th r e aV crimped filaments are deposited through the outlet opening of the fiber draw unit 22 onto the 
traveling forming surface 26. The vacuum 20 draws the filaments against the forming surface 26 to form an 
unbonded, nonwoven web of continuous filaments. The web is then lightly compressed by the compression 
roller 32 and then thermal point bonded by rollers 34 or through-air bonded in the through-a.r bonder 36. In 
the through-air bonder 36, air having a temperature above the melting temperature of component B and 
below the melting temperature of component A is directed from the hood 40, through the web, and into the 
perforated roller 38. The hot air melts the lower melting polymer component B and thereby forms bonds 
between the bicomponent filaments to integrate the web. When polypropylene and polyethylene are used 
as polymer components A and B respectively, the air flowing through the through-air bonder Preferably has 
a temperature ranging from about 230 to about 280'F and a velocity from about 100 to about 500 feet per 
minute The dwell time of the web in the through-air bonder is preferably less than about 6 seconds. It 
should'be understood, however, that the parameters of the through-air bonder depend on factors such as 
the tvoe of polymers used and thickness of the web. 

Lastly the finished web is wound onto the winding roller 42 and is ready for further treatment or use^ 
When used to make liquid absorbent articles, the fabric of the present invention may be treated with 
conventional surface treatments or contain conventional polymer additives to enhance the wettab.l.ty of the 
fabric For example, the fabric of the present invention may be treated with polyalkylene-ox.de mod. ,ed 
siloxanes and silanes such as polyalkylene-oxide modified polydimethyl-siloxane as disclosed in U.S. Patent 
Number 5 057,361 . Such a surface treatment enhances the wettability of the fabric. 

When through-air bonded, the fabric of the present invention characteristically has a relatively high loft. 
As can be seen from Fig. 3, which shows a sample of through-air bonded fabric made accord.ng to a 
preferred embodiment of the present invention, the helical crimp of the filaments creates an open web 
structure with substantial void portions between filaments and the filaments are bonded at points of ^contact 
of the filaments. The through-air bonded web of the present invention typically has a density of 0.018 to 
0 15 g/cc and a basis weight of 0.25 to about 5 oz. per square yard and more preferably 0.5 to 1.5 oz per 
square yard. Fiber denier generally ranges from about 1.0 to about 8 dpf. The high loft through-air bonded 
, fabric of the present invention is useful as a fluid management layer of personal care absorbent articles 
such as liner or surge materials in baby diapers and the like. 

Thermal point bonding may be conducted in accordance with U.S. Patent Number 3,855,046 he 
disclosure of which is incorporated herein by reference. When thermal point bonded, the fabr.c of the 
present invention exhibits a more cloth-like appearance and, for example, is useful as an outer cover for 
5 personal care articles or as a garment material. A thermal point bonded material made accord.ng to a 
preferred embodiment of the present invention is shown in Fig. 4. As can be seen in F.g. 4, hel.cally 
crimped filaments of the point bonded material are fused together at spaced bond points. 

Although the methods of bonding shown in Figure 1 are thermal point bonding and through-a.r bonding, 
it should be understood that the fabric of the present invention may be bonded by other means such as 
o oven bonding, ultrasonic bonding, or hydroentangling or combinations thereof. Such bonding techniques are 
well-known to those of ordinary skill in the art and are not discussed here in detail. 

Figs. 5 illustrate a comparative fabric sample made with ambient temperature drawing techniques. As 
can be seen, the fabric is made of substantially straight or non-crimped filaments. 

According to another aspect of the present invention, non-multicomponent filaments or multicomponent 
5 or single component staple length fibers may be incorporated into the web. Another fabric of the present 
invention is made by melt spinning and drawing continuous single polymeric component filaments together 
with melt spinning and drawing the bicomponent polymeric filaments and incorporating the continuous 
single component filaments into a single web with the bicomponent filaments. This is ach.eved by extruding 
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the bicomponent and single component filaments through the same spinneret. Some of the holes used in 
the spinneret are used to extrude bicomponent filaments while other holes in the same spinneret are used 
to extrude single component filaments. Preferably, the single component filaments include one of the 
polymers of the components of the bicomponent filaments. 

5 According to still another aspect of the present invention, a multilayer nonwoven fabric is made by 
laminating second and third nonwoven fabric webs to a first nonwoven fabric web such as is made with the 
process line 10 described above. Such a multilayer fabric made according to a preferred embodiment of 
the present invention is illustrated in Fig. 6. As can be seen, the multilayer fabric includes three layers of 
. nonwoven fabric including multicomponent filaments having differing degrees of crimp. Advantageously, the 

10 process of the present invention can be used to produce each of such webs, and, by controlling the 
temperature of the mixed air in the fiber draw unit, can vary the degree of crimp between the webs. The 
webs may be formed separately and then laminated together or one web may be formed directly on top of 
another preformed web, or the webs may be formed in series, simultaneously, by placing fiber draw units in 
series. Although the composite fabric has three layers, it should be understood that the composite fabric of 

75 the present invention may include 2, 4, or any number of layers having different degrees of crimp. 

By varying the degree of crimp from layer to layer of the fabric, the resulting fabric has a density or 
pore size gradient for improved liquid handling properties. For example, a multilayer fabric can be made 
such that the outer layer has relatively large pore sizes while the inner layer has small pore sizes so that 
liquid is drawn by capillary action through the more porous outer layer into the more dense inner layer. In 

20 addition, polymer type and filament denier may be altered from layer to layer to affect the liquid handling 
properties of the composite web. 

Although the preferred method of carrying out the present invention includes contacting the multicom- 
ponent filaments with heated aspirating air, the present invention encompasses other methods of activating 
the latent helical crimp of the continuous filaments before the filaments are formed into a web. For example, 

25 the multicomponent filaments may be contacted with heated air after quenching but upstream of the 
aspirator. In addition, the multicomponent filaments may be contacted with heated air between the aspirator 
and the web forming surface. Furthermore, the filaments may be heated by methods other than heated air 
such as exposing the filaments to electromagnetic energy such as microwaves or infrared radiation. 

The following Examples 1-7 are designed to illustrate particular embodiments of the present invention 

30 and to teach one of ordinary skill in the art the manner of carrying out the present invention. Comparative 
Examples 1 and 2 are designed to illustrate the advantages of the present invention. Examples 1-7 and 
Comparative Examples 1 and 2 were carried out in accordance with the process illustrated in Fig. 1 using 
the parameters set forth in Tables 1-4. In Tables 1-4, PP means polypropylene, LLDPE means linear low 
density polyethylene, HDPE means high density polyethylene and S/S means side-by-side, QA means 

35 quench air. Ti02 represents a concentrate comprising 50% by weight Ti02 and 50% by weight poly- 
propylene. The feed air temperature is the temperature of the air from the heater 24 entering the draw unit 
22. Where given, the mixed air temperature is the temperature of the air in the draw unit 22 contacting the 
filaments. In addition, crimp was measured according to ASTM D-3937-82, caliper was measured at 0.5 psi 
with a Starret-type bulk tester and density was calculated from the caliper. Grab tensile was measured 

40 according to ASTM 1682 and drape stiffness was measured according to ASTM D-1388. 



45 



50 
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TABLE 1 





Comp. Ex. 1 


Ex. 1 


Ex. 2 


Ex. 3 


Filament Configuration 


Round S/S 


Round S/S 


Round S/S 


Round S/S 


Spinhole Geometry 


.6mm D, 


.6mm D, 


.6mm D, 


6mm D 




4:1 L/D 


4:1 L/D 


4:1 L/D 


4:1 L/D 


Polymer A 


98% Exxon 


98% Exxon 


98% Exxon 


98% Exxon 




3445 PP, 


3445 PP, 


3445 PP, 


3445 PP, 




2% Ti0 2 


2% Ti0 2 


2% Ti0 2 


2% Ti0 2 


Polymer B 


98% Dow 


98% Dow 


98% Dow 


t/O /o uuw 




6811 A LLDPE, 


6811 A LLDPE, 


Rft1 1 A I I nPF 


1 A 1 1 nDC 
Ool 1 A LLUrfc, 




2% TiG 2 


2% Ti0 2 


2% Ti0 2 


?% TiOo 

t /O 1 IKJ2 


Ratio A/B 


50/50 


50/50 


50/50 


50/50 


Melt Temp (*F) 




450 • F 


450 'F 


450 'F 


Spinhole Thruput (GHM) 


0.7 


0.6 


0.6 


n r 


QA Flow (SCFM) 




25 


25 


20 


QA Temp ( 0 F) 




65 


65 


65 


Feed Air Temp ( ° F) 


65 


160 


255 


370 


Bond Type 


Thru-Air 


Thru-Air 


Thru-Air 


Thru-Air 


Basis Wt. (osy) 


1.0 


14 


1.6 


1.5 


Denier 


3.2 


3.0 


3.0 


3.0 


Crimp Type 


Helical 


Helical 


Helical 


Helical 


Density(g/cc) 


0.058 


0.047 


0.032 


0.025 


Caliper (in) 


0.023 


0.044 


0.066 


0.080 



As can be seen from Table 1, as the aspirator feed air temperature was increased from the ambient 
temperature of 65 -F in Comparative Example 1 to the elevated temperatures of Examples 1-3, the web 
density decreased and the web thickness increased. Thus, at the higher aspirator feed air temperatures, the 
webs became more lofty and highly crimped. 
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Filament Configuration 
Spinhole Geometry 

Polymer A 

Polymer B 

Ratio A/B 

Melt Temp (*F) 

Spinhole Thruput (GHM) 

QA Flow (SCFM) 

QA Temp (*F) 

Feed Air Temp (*F) 

Bond Type 

Basis Wt. (osy) 

Denier 

Crimp/ Inch Extended 

Crimp Type 

Density (g/cc) 

Caliper (in) 

Grab Tensile 
MD (lbs) 
CD (lbs) 



TABLE 2 
Comp . Ex . 2 

Round S/S 

.6mm D , 
4:1 L/D 

98% Exxon 
3445 PP, 
2% Ti0 2 

98% Dow 
6811A LLDPE , 
2% Ti0 2 

50/50 

445*F 

0.7 

25 

70 

Thru-Air 
l.o 
3.0 
8.5 

Helical 

0.052 

0.026 

7.3 
8.1 



Ex. 4 

Round S/S 

.6mm D, 
4:1 L/D 

98% Exxon 
3445 PP, 
2% Ti0 2 

98% Dow 
6811A LLDPE, 
2% Ti0 2 

50/50 

445*F 

0.7 

25 

65 

375 

Thru-Air 
1.0 

3.0 

16.0 

Helical 

0.029 

0.053 

4.1 
3.2 
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TABLE 3 





Ex. 5 


Ex. 6 


Filament Configuration 


Round S/S 


Round S/S 


Spinhole Geometry 


.6mm D, 


.6mm D, 




4:1 L/D 


4:1 L/D 


Polymer A 


98% Exxon 


98% Exxon 




3445 PP, 


n a Ac nn 
3445 PP, 




2% TiC>2 


2% Ti02 


Polymer B 


98% Dow 


98% Dow 




6811 A LLDPE, 


6811 A LLDPE, 




2% Ti0 2 


2% Ti0 2 


Ratio A/B 


50/50 


50/50 


Melt Temp (°F) 


440 *F 


440* F 


Spinhole Thruput (GHM) 


0.7 


0.7 


vjM now ^ov/rivi^ 


25 


25 


QA Temp(°F) 


65 


65 


Feed Air Temp ( 0 F) 


121 


318 


Bond Type 


Thru-Air 


Thru-Air 


Bond Temp (°F) 


257 


262 


Basis Wt. (osy) 


1.5 


1.5 


Denier 


4.0 


4.0 


Crimp Type 


Helical 


Helical 


Density (g/cc) 


0.057 


0.027 


Caliper (in) 


0.035 


0.074 



Tables 2 and 3 also show the effects of increasing the aspirator feed temperature. By increasing the 
aspirator feed air temperature from 70 'F in Comparative Example 2 to 375 °F in Example 4, the degree of 
helical crimp nearly doubled, the web density decreased and the web thickness increased. The same 
effects were seen with Examples 5 and 6 as shown in Table 3. 
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TABLE 4 





LAYER A 


LAYER B 


LAYER C 


COMPOSITE 


Filament Configuration 


Round S/S 


Round S/S 


Round S/S 


- 


Spinhole Geometry 


.6mm D, 


.6mm D, 


.6mm D, 


- 




4:1 UD 


4:1 UD 


4:1 UD 




Polymer A 


98% Exxon 


98% Exxon 


98% Exxon 






3445 pp t 


3445 PP, 


3445 PP, 






2% Ti02 


2% Ti0 2 


2% Ti0 2 




Polymer B 


98% Dow 


98% Dow 


98% Dow 


- 




6811 A LLDPE, 


6811 A LLDPE, 


6811 A LLDPE, 






.5% Ti0 2 


.5% Ti0 2 


.5% Ti0 2 




Ratio A/B 


50/50 


50/50 


50/50 




Melt Temp ( • F) 


450 *F 


450 °F 


450 • F 




Spinhole Thruput (GHM) 


0.6 


0.6 


0.7 


- 


QA Flow (SCFM) 


20 


25 


N/A 




QA Temp (*F) 


70 


70 


70 




Feed Air Temp (*F) 


370 


160 


70 




Bond Type 


Thru-Air 


Thru-Air 


Thru-Air 




Basis Wt. (osy) 


0.7 


0.7 


0.7 


2.1 


Denier 


3.0 


3.0 


3.0 




Crimp Type 


Helical 


Helical 


Helical 




Density(g/cc) 


0.032 


0.050 


0.06 




Caliper (in) 


0.029 


0.019 


0.016 


0.064 



Example 7, shown in Table 4, resulted in a 3-layer composite web including layers A-C. As can be 
seen, the density of the webs increased and the thickness of the webs decreased as the temperature of the 
aspirator air decreased. The resulting fabric therefore had a density and pore size gradient from layers A to 
B to C. 



35 
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TABLE 5 







Ex.8 


Ex. 9 


Ex. 10 


Ex. 11 


Ex.12 


5 


Filament Configuration 


Round S/S 


Round S/S 


Round S/S 


Round S/S 


Round S/S 




Spinhole Geometry 


.6mm D, 
4:1 UD 


.6mm D, 
4:1 UD 


.6mm D, 
4:1 UD 


.6mm D, 
4:1 UD 


.6mm D, 
4:1 UD 


10 


Polymer A 


98% Exxon 
3445 PP, 
2% Ti0 2 


98% Exxon 
3445 PP, 
2% Ti02 


98% Exxon 
3445 PP, 
2% Ti0 2 


98% Exxon 
3445 PP, . 
2% Ti0 2 


98% Exxon 
3445 PP, 
2% Ti0 2 


15 


Polymer B 


98% Dow 
6811 A LLDPE 

2% Ti0 2 


98% Dow 
6811 A LLDPE 

2% Ti0 2 


98% Dow 
6811 A LLDPE 

2% Ti0 2 


98% Dow 
6811 A LLDPE 

2% Ti0 2 


98% Dow 
6811 A PE 

2% Ti0 2 


20 
25 
30 


Ratio A/B 
Melt Temp (°F) 
Spinhole Thruput (GHM) 
QA Flow (SCFM) 
QA Temp (*F) 
Feed Air Temp ( • F) 
Mixed Air Temp 
Bond Type 
Bond Temp ( * F) 
Basis Wt. (osy) 
Denier 

Crimp/Inch Extended 
Crimp Type 
Density(g/cc) 
Caliper (in) 


50/50 

448 

0.6 

20 

60 

357 

218 

Thru-Air 

258 

1.57 

3.0 

7.1 

Helical 

0.022 

0.090 


50/50 

448 

0.6 

20 

60 

298 

189 

Thru-Air 

258 

1.55 

3.0 

5.3 

Helical 

0.037 

0.055 


50/50 

448 

0.6 

20 

60 

220 

148 

Thru-Air 

258 

1.50 

3.0 

4.0 

Helical 

0.047 

0.043 


50/50 

448 

0.6 

20 

60 

150 

114 

Thru-Air 

258 

1.6 

3.0 

3.9 

Helical 

0.054 

0.038 


50/50 

448 

0.6 

20 

60 

120 

99 

Thru-Air 

258 

1.56 

3.0 

4.1 

Helical 

0.067 

0.030 



Table 5 further illustrates the effect of increasing the aspirator feed air temperature on the degree of 
crimp of the filaments and the density and caliper of the resulting webs. Table 5 includes data on the 
35 crimps/inch extended of the filaments and the temperature of the mixed air in the aspirator in addition to the 
temperature of the aspirator feed air. As can be seen, the degree of crimp of the filament increases as the 
temperature of the aspirating air increases. 
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TABLE 6 



75 





CX. I o 


lX. I ** 


CX. 1 v> 


Py 1 R 

LA. I D 


Pv 1 7 

LA. I / 


Filament Configuration 


Round S/S 


Round S/S 


Round S/S 


Round S/S 


Round S/S 


Spinhole Geometry 


.6mm D, 


.6mm D, 


.6mm D, 


.6mm D, 


.6mm D, 




4:1 L/D 


4:1 L/D 


4:1 L/D 


4:1 L/D 


4:1 L/D 


Pnh/moc A 
i UlyillOl r\ 


570 /0 LAAUI 1 


OO /O LAAUI 1 


QA% Fyvnn 

x70 /O LAAUI 1 


\?0 /O LAAUI 1 






DP 

0*f**0 rr, 


1AAR PP 


*}AAEL Dp 

OHHD rr , 


Dp 


pp 

OH**D rr, 




t /o 1 IU2 


/o 1 IVJ2 


00/ TiOo 
t /o 1 1 U2 


c. /o 1 IV^2 




Polymer B 


98% Dow 


98% Dow 


98% Dow 


98% Dow 


98% Dow 




681 1A LLDPE 


6811 A LLDPE 


6811 A LLDPE 


6811 A LLDPE 


6811 A LLDPE 




2% Ti0 2 


2% Ti0 2 


2% Ti0 2 


2% Ti0 2 


2% Ti0 2 


riatlO A/D 


cn/cn 


OU/DU 


DU7DU 


DU70U 


OU/DU 


Men i emp \ r) 






AAQ 






opmnoie i nruput \vanivi; 


U.D 


U.D 


U.o 


U.D 


U.D I 


QA Flow (SCFM) 


20 


20 


20 


20 


20 


QA TempCF) 


60 


60 


60 


60 


60 


Feed Air Temp (°F) 


357 


298 


220 


.150 


120 


Bond Type 


Thermal Point 


Thermal Point 


Thermal Point 


Thermal Point 


Thermal Point 


Bond Temp (*F) 


245 


245 


245 


245 


245 


Basis Wt. (osy) 


1.5 


1.5 


1.5 


1.5 


1.5 


Denier 


3.1 


3.1 


3.1 


3.1 


3.1 


Crimp/Inch Extended 


7.55 


5.14 


5.32 


4.32 


3.49 


Crimp Type 


Helical 


Helical 


Helical 


Helical 


Helical 


MD Drape Stiffness (cm) 


2.9 


3.16 


3.53 


3.60 


4.05 



Table 6 contains the properties of thermal point bonded fabrics made with heated aspirating air. Like 
the previous examples, the degree of crimp of the filaments increased with increasing aspirating air 
temperature. In addition, however, the thermal point bonded sample exhibited increased softness with 
increasing aspirating air temperature as shown by the Drape Stiffness values which decrease with 
increasing aspirating air temperature. The thermal point bonded samples had a bond pattern with 250 bond 
points per square inch and a total bond area of 15% 
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TABLE 7 





Ex. 18 


Ex. 19 


Filament Configuration 


Round S/S 


Round S/S 


Spinhole Geometry 


.6mm D, 


.6mm D, 




4:1 L/D 


4:1 L/D 


Polymer A 


98% Exxon 


98% Exxon 




3445 PP, 


3445 PP, 




2% Ti0 2 


2% Ti0 2 


Polymer B 


98% Dow 


98% Dow 




2553 LLDPE 


2553 LLDPE 




2% Ti0 2 


2% Ti0 2 j 


Ratio A/B 


50/50 


50/50 


Melt Temp ( • F) 


450 


450 


Spinhole Thruput (GHM) 


0.8 


0.6 


QA Flow (SCFM) 


18 


18 


OA Tomn / 0 P\ 
um 1 emp \ r) 


an 
ou 


oU 


Feed Air Temp CF) * 


350 


350 


Bond Type 


Thru-Air 


Thru-Air 


Bond Temp ( • F) 


258 


258 


Basis Wt. (osy) 


1.5 


1.5 


Denier 


3.4 


3.2 


Crimp/Inch Extended 


10.3 


8.4 


Crimp Type 


Helical 


Helical 


Density (g/cc) 


0.027 


0.033 


Caliper (in) 


0.075 


0.060 
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TABLE 8 





Ex. 20 


Ex. 21 


Ex. 22 


Filament Configuration 


Round S/S 


Round S/S 


Round S/S 


Spinhole Geometry 


.6mm D, 


.6mm D, 


.6mm D, 




4:1 L7D 


4:1 L/D 


4:1 UD 


Polymer A 


98% Exxon 


98% Exxon 


98% Exxon 




3445 PP, 


3445 PP, 


3445 PP, 




2% T1O2 


2% T1O2 


2% Ti0 2 


Polymer B 


98% Dow 


98% Dow 


98% Dow 




25355 HDPE 


25355 HDPE 


12350 HDPE 




2% T1O2 


2% Ti0 2 


2% Ti0 2 


Ratio A/R 


50/50 


50/50 


50/50 


Melt Temn ( • R 


430 


430 


430 


Soinhole Thrunut fGHIW 


0.8 


0.6 


0.6 


OA Flow fSCFIVh 


18 


20 


20 


QA Temp ( ° F) 


60 


60 


60 


Feed Air Temp (°F) 


350 


375 


350 


Bond Type 


Thru-Air 


Thru-Air 


Thru-Air 


Bond Temp ( ° F) 


264 


264 


259 


Basis Wt. (osy) 


1.5 


1.4 


1.5 


Denier 


4.6 


2.9 


2.5 


Crimp/Inch Extended 


7.1 


7.9 


6.4 


Crimp Type 


Helical 


Helical 


Helical 


Density(g/cc) 


0.025 


0.023 


0.033 


Caliper (in) 


0.081 


0.086 


0.060 
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TABLE 9 





Comp. Ex. 1 


Filament Configuration 


Round S/S 50% 




Homofilament 50% 


Spinhole Geometry 


.6mm D, 




4:1 UD 


Polymer A 


98% Exxon 




3445 PP, 




2% Ti0 2 


Ratio A/B 


50/50 


Polymer B 


98% Dow 




6811 A LLDPE, 




2% Ti02 


Melt Temp ( • F) 


450 


Spinhole Thruput (GHM) 


0.6 


QA Flow (SCFM) 


27 ; 


OA Tpmn / 0 F\ 


fin 


Feed Air Temp (*F) 


350 


Bond Type 


Thru-Air 


Bond Temp ('F) 


260 


Basis Wt. (osy) 


1.68 


Denier 


2.0 


Crimp/Inch Extended 


4.7 


Crimp Type 


Helical 


Density (g/cc) 


0.062 


Caliper (in) 


0.036 



Table 7 illustrates samples of fabric made with a higher melt index (40 Ml) 2553 linear low density 
polyethylene in the second component B. The 6811 A linear low density polyethylene had a melt index of 26 
Ml. As can be seen, the resulting fabric comprised relatively highly crimped filaments. 

Table 8 illustrates samples of fabric made with high density polyethylene in the second component B. 
The melt flow index of the DOW 25355 HDPE was 25 and the melt flow index of the DOW 12350 HDPE 
was 12. The resulting fabrics comprised relatively highly crimped filaments. 

Table 9 illustrates our sample of fabric comprising 50% by weight highly crimped bicomponent 
filaments and 50% by weight polypropylene homofilaments. The homofilaments had the same composition 
as component A of the bicomponent filaments and were drawn simultaneously with the bicomponent 
filaments with the same spinneret. The crimps per inch extended is the average of the crimped bicom- 
ponent filaments and the non-crimped homofilaments. 

While the invention has been described in detail with respect to specific embodiments thereof, it will be 
appreciated that those skilled in the art, upon attaining an understanding of the foregoing, may readily 
conceive of alterations to, variations of and equivalents to these embodiments. Accordingly, the scope of 
the present invention should be assessed as that of the appended claims and any equivalents thereto. 

Claims 

1. A process for making a nonwoven fabric comprising the steps of: 

a. melt spinning continuous multicomponent polymeric filaments comprising first and second 
polymeric components, the multicomponent filaments having a cross-section, a length, and a 
peripheral surface, the first and second components being arranged in substantially distinct zones 
across the cross-section of the multicomponent filaments and extending continuously along the 
length of the multicomponent filaments, the second component constituting at least a portion of the 
peripheral surface of the multicomponent filaments continuously along the length of the multicom- 
ponent filaments, the first and second components being selected so that the multicomponent 



18 



EP 0 586 924 A1 



filaments are capable of developing latent helical crimp; 

b. drawing the multicomponent filaments; 

c. at least partially quenching the multicomponent filaments so that the multicomponent filaments 
have latent helical crimp; 

5 d. activating said latent helical crimp; and 

e. thereafter, forming the crimped continuous multicomponent filaments into a first nonwoven fabric 
web. 

2. A process as in claim 1 wherein the crimp activating step comprises heating the multicomponent 
w filaments to a temperature sufficiently high to activate said latent helical crimp. 

3. A process as in claim 1 wherein the crimp activating step comprises contacting the multicomponent 
filaments with a flow of air having a temperature sufficiently high to activate said latent helical crimp. 

75 4. A process as in claim 3, wherein the drawing step includes drawing the multicomponent filaments with 
the flow of air contacting the filaments and having a temperature sufficiently high to activate said latent 
helical crimp. 

5. A process as in claim 1, further comprising the step of forming bonds between the multicomponent 
20 filaments to integrate the first nonwoven fabric web. 

6. A process as in claim 5, wherein the first component has a first melting point and the second 
component has a second melting point and the bonding step includes contacting the web with air 
having a temperature below the melting point of the first component and greater than the melting point 

25 of the second component without substantially compressing the first web. 

7. A process as in claim 5, wherein the bonding step includes patterned application of heat and pressure. 
A process as in claim 5, wherein the bonding step includes hydroentangling. 

A process as in claim 3, wherein the first component has a melting point and the second component 
has a melting point and the contacting air temperature is sufficient to heat the multicomponent 
filaments to a temperature from about 110* F to a maximum temperature less than the melting point of 
the first component and the melting point of the second component. 

A process as in claim 1, wherein the first component has a melting point and the second component 
has a melting point less than the melting point of the first component. 

11. A process as in claim 1, wherein the first component includes a polymer selected from the group 
40 consisting of polypropylene and random copolymer of propylene and ethylene and the second 

component includes polyethylene. 

12. A process as in claim 1, wherein the first component includes a polymer selected from the group 
consisting of polypropylene and random copolymer of propylene and ethylene and the second 

45 component includes a polymer selected from the group consisting of linear low density polyethylene 
and high density polyethylene. 

13. A process as in claim 1, wherein the first and second components are arranged side-by-side. 

50 14. A process as in claim 1, wherein the first and second components are arranged in an eccentric 
sheath/core arrangement, the first component being the core and the second component being the 
sheath. 

15. A process as in claim 1, further comprising the steps of: 
55 a. melt spinning and drawing continuous single polymeric component filaments together with the 

steps of melt spinning and drawing the multicomponent polymeric filaments; and 
b. incorporating the continuous single component filaments into the first nonwoven fabric web. 



30 
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16. A process as in claim 1, further comprising the step of laminating a second nonwoven fabric web to the 
first nonwoven fabric web. 

17. A process as in claim 16, wherein the second web comprises multicomponent filaments, the filaments 
5 of the first web having a first degree of crimp and the filaments of the second web having a second 

degree of crimp different from the first degree of crimp. 

18. A process as in claim 17, wherein the second web is formed according to the process defined in claim 
3 except that the temperature of the flow of air contacting the filaments of the second web is different 

w from the temperature of the flow of air contacting the filaments of the first web, whereby the first degree 
of crimp is different from the second degree of crimp. 

19. A process as in claim 18, wherein the first and second webs are formed in a single process line, one of 
the first and second webs being formed on top of the other. 

75 

20. A process as in claim 18, wherein the drawing step in forming the first and second webs includes 
drawing the multicomponent filaments with the flow of air contacting the filaments. 

21. A process as in claim 18, further comprising the step of forming bonds between the multicomponent 
20 filaments of the first and second webs. 

22. A process as in claim 21, wherein the first components of the first and second webs have respective 
melting points and the second components of the first and second webs have respective melting points 
and the bonding step includes contacting the first and second webs with air having a temperature 

25 below the melting points of the first components and greater than the melting points of the second 
components without substantially compressing the first and second webs. 

23. A process as in claim 21, wherein the bonding step includes patterned application of heat and pressure. 
30 24. A process as in claim 21, wherein the bonding step includes hydroentangling. 

25. A process as in claim 18, wherein the first components of the first and second webs include a polymer 
selected from the group consisting of polypropylene and random copolymer of propylene and ethylene 
and the second components of the first and second webs include polyethylene. 

35 

26. A process as in claim 18, wherein the first components of the first and second webs include a polymer 
selected from the group consisting of polypropylene and random copolymer of propylene and ethylene 
and the second components of the first and second webs include a polymer selected from the group 
consisting of linear low density polyethylene and high density polyethylene. 

40 

27. A process as in claim 18, wherein the first and second components are arranged side-by-side. 

28. A process as in claim 18, wherein the first and second components are arranged in an eccentric 
sheath/core arrangement, the first component being the core and the second component being the 

45 sheath. 

29. A nonwoven fabric made according to a process comprising the steps of: 

a. melt spinning continuous multicomponent polymeric filaments comprising first and second 
polymeric components, the multicomponent filaments having a cross-section, a length, and a 

50 peripheral surface, the first and second components being arranged in substantially distinct zones 

across the cross-section of the multicomponent filaments and extending continuously along the 
length of the multicomponent filaments, the second component constituting at least a portion of the 
peripheral surface of the multicomponent filaments continuously along the length of the multicom- 
ponent filaments, the first and second components being selected so that the multicomponent 

55 filaments are capable of developing latent helical crimp; 

b. drawing the multicomponent filaments; 

c. at least partially quenching the multicomponent filaments so that the multicomponent filaments 
have latent helical crimp; 
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d. activating said latent helical crimp; and 

e. thereafter, forming the crimped continuous multicomponent filaments into a first nonwoven fabric 
web. 

5 30. A nonwoven fabric made according to a process as in claim 29 wherein the crimp activating step 
comprises heating the multicomponent filaments to a temperature sufficiently high to activate said 
latent helical crimp. 

31. A nonwoven fabric made according to a process as in claim 29 wherein the crimp activating step 
10 comprises contacting the multicomponent filaments with a flow of air having a temperature sufficiently 

high to activate said latent helical crimp. 

32. A nonwoven fabric made according to a process as in claim 31, wherein the drawing step includes 
drawing the multicomponent filaments with the flow of air contacting the filaments and having a 

75 temperature sufficiently high to activate said latent helical crimp. 

33. A nonwoven fabric made according to a process as in claim 29, further comprising the step of forming 
bonds between the multicomponent filaments to integrate the first nonwoven fabric web. 

20 34. A nonwoven fabric made according to a process as in claim 33, wherein the first component has a 
melting point and the second component has a melting point and the bonding step includes contacting 
the first web with air having a temperature below the melting point of the first component and greater 
than the melting point of the second component without substantially compressing the first web. 

25 35. A nonwoven fabric made according to a process as in claim 33, wherein the bonding step includes 
patterned application of heat and pressure. 

36. A nonwoven fabric made according to a process as in claim 33, wherein the bonding step includes 
hydroentangling. 

30 

37. A nonwoven fabric made according to a process as in claim 31, wherein the first component has a 
melting point and the second component has a melting point and the contacting air temperature is 
sufficient to heat the multicomponent filaments to a temperature from about 110'F to a maximum 
temperature less than the melting point of the first component and the melting point of the second 

35 component. 

38. A nonwoven fabric made according to a process as in claim 29, wherein the first component has a 
melting point and the second component has a melting point less than the melting point of the first 
component. 

40 

39. A nonwoven fabric made according to a process as in claim 29, wherein the first component includes a 
polymer selected from the group consisting of polypropylene and random copolymer of propylene and 
ethylene and the second component includes polyethylene. 

45 40. A nonwoven fabric made according to a process as in claim 29, wherein the first component includes a 
polymer selected from the group consisting of polypropylene and random copolymer of propylene and 
ethylene and the second component includes a polymer selected from the group consisting of linear 
low density polyethylene and high density polyethylene. 

50 41. A nonwoven fabric made according to a process as in claim 29, wherein the first and second 
components are arranged side-by-side. 

42. A nonwoven fabric made according to a process as in claim 29, wherein the first and second 
components are arranged in an eccentric sheath/core arrangement, the first component being the core 

55 and the second component being the sheath. 

43. A nonwoven fabric made according to a process as in claim 29, further comprising the steps of: 



21 



EP 0 586 924 A1 



a. melt spinning and drawing continuous single polymeric component filaments together with the 
steps of melt spinning and drawing the multicomponent polymeric filaments; and 

b. incorporating the continuous single component filaments into the nonwoven fabric web. 

5 44. A nonwoven fabric made according to a process as in claim 29, further comprising the step of 
laminating a second nonwoven fabric web to the first nonwoven fabric web. 

45. A nonwoven fabric made according to a process as in claim 44, wherein the second web comprises 
multicomponent filaments, the filaments of the first web having a first degree of crimp and the filaments 

io of the second web having a second degree of crimp different from the first degree of crimp. 

46. A nonwoven fabric made according to a process as in claim 45, wherein the second web is formed 
according to the process defined in claim 31 except that the temperature of the flow of air contacting 
the filaments of the second web is different from the temperature of the flow of air contacting the 

75 filaments of the first web, whereby the first degree of crimp is different from the second degree of 
crimp. 

47. A nonwoven fabric made according to a process as in claim 46, wherein the first and second webs are 
formed in a single process line, one of the first and second webs being formed on top of the other. 

20 

48. A nonwoven fabric made according to a process as in claim 46, wherein the drawing step in forming 
the first and second webs includes drawing the multicomponent filaments with the flow of air contacting 
the filaments. 

25 49. A nonwoven fabric made according to a process as in claim 46, further comprising the step of forming 
bonds between the multicomponent filaments of the first and second webs. 

50. A nonwoven fabric made according to a process as in claim 49, wherein the first components of the 
first and second webs have respective melting points and the second components of the first and 
30 second webs have respective melting points and the bonding step includes contacting the first and 
second webs with air having a temperature below the melting points of the first components and 
greater than the melting points of the second components without substantially compressing the first 
and second webs. 

35 51. A nonwoven fabric made according to a process as in claim 49, wherein the bonding step includes 
patterned application of heat and pressure. 

52. A nonwoven fabric made according to a process as in claim 49, wherein the bonding step includes 
hydroentangling. 

40 

53. A nonwoven fabric made according to a process as in claim 46, wherein the first components of the 
first and second webs include a polymer selected from the group consisting of polypropylene and 
random copolymer of propylene and ethylene and the second components of the first and second webs 
include polyethylene. 

45 

54. A nonwoven fabric made according to a process as in claim 46, wherein the first components of the 
first and second webs include a polymer selected from the group consisting of polypropylene and 
random copolymer of propylene and ethylene and the second components of the first and second webs 
include a polymer selected from the group consisting of linear low density polyethylene and high 

50 density polyethylene. 

55. A nonwoven fabric made according to a process as in claim 46, wherein the first and second 
components are arranged side-by-side. 

55 56. A nonwoven fabric made according to a process as in claim 46, wherein the first and second 
components are arranged in an eccentric sheath/core arrangement, the first component being the core 
and the second component being the sheath. 
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57. A nonwoven fabric comprising a plurality of nonwoven fabric webs laminated to one another, each 
nonwoven web comprising continuous multicomponent polymeric filaments comprising first and second 
polymeric components, the multicomponent filaments having a cross-section, a length, and a peripheral 
surface, the first and second components boning arranged in substantially distinct zones across the 

5 cross-section of the multicomponent filaments and extending continuously along the length of the 
multicomponent filaments, the second component constituting at least a portion of the peripheral 
surface of the multicomponent filaments continuously along the length of the multicomponent filaments, 
the plurality of webs including first and second webs, the multicomponent filaments of the first web 
having a first degree of helical crimp and the multicomponent filaments of the second web having a 

70 second degree of helical crimp different than the first degree of helical crimp. 

58. A nonwoven fabric as in claim 57, wherein at least one of the first and second polymeric components of 
the first web is different than the corresponding one of the first and second polymeric components of 
the second web. 

59. A nonwoven fabric as in claim 57, wherein the multicomponent filaments of the first web have a first 
denier and the multicomponent filaments of the second web have a second denier different than the 
first denier. 

20 60. A nonwoven fabric as in claim 57, wherein at least one of the first and second polymeric components of 
the first web is different than the corresponding one of the first and second polymeric components of 
the second web and the multicomponent filaments of the first web have a first denier and the 
multicomponent filaments of the second web have a second denier different than the first denier. 

25 61. A nonwoven fabric as in claim 58, wherein the first and second nonwoven fabric webs are integrated by 
bonds formed between the multicomponent filaments. 

62. A nonwoven fabric as in claim 61 , wherein the first component of each web has a melting point and the 
second component of each web has a melting point and the bonds between the multicomponent 

30 filaments are formed by contacting the first web with air having a temperature below the melting point 
of the respective first component and greater than the melting point of the respective second 
component without substantially compressing the first web and contacting the second web with air 
having a temperature below the melting point of the respective first component and greater than the 
melting point of the respective second component without substantially compressing the second web. 

35 

63. A nonwoven fabric as in claim 61, wherein the bonds between the multicomponent filaments are formed 
by patterned application of heat and pressure. 

64. A nonwoven fabric as in claim 58, wherein the bonds between the multicomponent filaments are formed 
40 by hydroentangling. 

65. A nonwoven fabric as in claim 57, wherein the first component of each web includes a polymer 
selected from the group consisting of polypropylene and random copolymer of propylene and ethylene 
and the second component of each web includes polyethylene. 

45 

66. A nonwoven fabric as in claim 57, wherein the first component of each web includes a polymer 
selected from the group consisting of polypropylene and random copolymer of propylene and ethylene 
and the second component of each web includes a polymer selected from the group consisting of 
linear low density polyethylene and high density polyethylene. 

50 

67. A nonwoven fabric comprising: 

continuous multicomponent polymeric filaments comprising first and second polymeric compo- 
nents, the multicomponent filaments having a cross-section, a length, and a peripheral surface, the first 
and second components being arranged in substantially distinct zones across the cross-section of the 
55 multicomponent filaments and extending continuously along the length of the multicomponent filaments, 
the second component constituting at least a portion of the peripheral surface of the multicomponent 
filaments continuously along the length of the multicomponent filaments; and 

continuous single component filaments integrated with the multicomponent filaments to form a 
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nonwoven fabric web. 

68. A nonwoven fabric as in claim 67 wherein the single component filaments include one of the polymers 
of the first and second components of the multicomponent filaments. 

5 

69. A nonwoven fabric as in claim 67 wherein the multicomponent filaments have natural helical crimp. 

70. A nonwoven fabric as in claim 67, wherein the nonwoven fabric web is integrated by bonds formed 
between the multicomponent filaments and the single component filaments. 

w 

71. A nonwoven fabric as in claim 70, wherein the first component of the multicomponent filaments has a 
melting point and the second component of the multicomponent filaments has a melting point and the 
bonds between the multicomponent filaments and the single component filaments are formed by 
contacting web with air having a temperature below the melting point of the first component and greater 

15 than the melting point of the second component without substantially compressing the web. 

72. A nonwoven fabric as in claim 70, wherein the bonds between the multicomponent filaments and single 
component filaments are formed by patterned application of heat and pressure. 

20 73. A nonwoven fabric as in claim 70, wherein the bonds between the multicomponent filaments and single 
component filaments are formed by hydroentangling. 

74. A nonwoven fabric as in claim 67, wherein the first component of the multicomponent filaments 
includes a polymer selected from the group consisting of polypropylene and random copolymer of 

25 propylene and ethylene and the second component of the multicomponent filaments includes polyethyl- 
ene. 

75. A nonwoven fabric as in claim 67, wherein the first component of the multicomponent filaments 
includes a polymer selected from the group consisting of polypropylene and random copolymer of 

30 propylene and ethylene and the second component of the multicomponent filaments includes a 
polymer selected from the group consisting of linear low density polyethylene and high density 
polyethylene. 

76. A personal care article comprising a layer of nonwoven fabric made according to a process comprising 
35 the steps of: 

a. melt spinning continuous multicomponent polymeric filaments comprising first and second 
polymeric components, the multicomponent filaments having a cross-section, a length, and a 
peripheral surface, the first and second components being arranged in substantially distinct zones 
across the cross-section of the multicomponent filaments and extending continuously along the 

40 length of the multicomponent filaments, the second component constituting at least a portion of the 

peripheral surface of the multicomponent filaments continuously along the length of the multicom- 
ponent filaments, the first and second components being selected so that the multicomponent 
filaments are capable of developing latent helical crimp; 

b. drawing the multicomponent filaments; 

45 . c. at least partially quenching the multicomponent filaments so that the multicomponent filaments 

have latent helical crimp; 

d. activating said latent helical crimp; and 

e. thereafter, forming the crimped continuous multicomponent filaments into a first nonwoven fabric 
web. 

50 

77. A personal care article comprising a layer of nonwoven fabric comprising a plurality of nonwoven fabric 
webs laminated to one another, each nonwoven web comprising continuous multicomponent polymeric 
filaments comprising first and second polymeric components, the multicomponent filaments having a 
cross-section, a length, and a peripheral surface, the first and second components being arranged in 

55 substantially distinct zones across the cross-section of the multicomponent filaments and extending 
continuously along the length of the multicomponent filaments, the second component constituting at 
least a portion of the peripheral surface of the multicomponent filaments continuously along the length 
of the multicomponent filaments, the plurality of webs including first and second webs, the multicom- 
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ponent filaments of the first web having a first degree of helical crimp and the multicomponent 
filaments of the second web having a second degree of helical crimp different than the first degree of 
helical crimp. 

5 78. A personal care article comprising: 

a layer of nonwoven fabric comprising continuous multicomponent polymeric filaments comprising first 
and second polymeric components, the multicomponent filaments having a cross-section, a length, and 
a peripheral surface, the first and second components being arranged in substantially distinct zones 
across the cross-section of the multicomponent filaments and extending continuously along the length 

w . of the multicomponent filaments, the second component constituting at least a portion of the peripheral 
surface of the multicomponent filaments continuously along the length of the multicomponent filaments; 
and 

continuous single component filaments integrated with the multicomponent filaments to form a 
nonwoven fabric web. 

75 
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